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ABSTRACT 


The  feasibility  of  making  an  illuminating  candle 
which  produces  a  luminous  intensity  of  25  million 
candles  is  demonstrated.  The  goal  is  achieved  by 
igniting  all  surfaces  of  a  star  shaped  cavity  which  is 
formed  through  the  center  of  the  candle.  Two  hor- 
zontally  opposed  flames  are  generated  by  this  candle. 

The  relationship  between  candle  diameter  and 
the  ability  of  that  candle  to  generate  light  efficiently 
is  reported.  This  study  includes  data  for  both  pressed 
and  cast  candles  and  shows  the  effect  of  different 
binder  types.  A  general  degradation  of  efficiency  is 
observed  as  the  cast  candle  diameter  increases  from  lj. 
inches  to  2it  inches.  The  pressed  candle  series  shows  a 
maximum  near  the  I4.  inch  diameter  with  degradation  to 
either  side. 

Silicone,  epoxy-polyglycol,  polyester,  polysulfide, 
and  various  combinations  of  these  binders  are  described 
as  they  are  used  to  make  candles  for  the  diameter  study 
and  the  25  million  candle  flare.  A  study  of  flare 
compositions  consisting  of  magnesium  and  sodium  perch¬ 
lorate,  the  latter  being  partially  dissolved  in  various 
methacrylate  monomers  is  reported,  A  limited  environ¬ 
mental  program  for  a  Ij.,5  inch  diameter  candle  cast  in 
an  aluminum  candle  case  and  the  development  of  a  liner 

system  for  that  candle  is  described,  A  po]yester-epoxy 
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binder  is  used  successfully  to  make  a  cast  candle 
whose  luminous  efficiency  is  comparable  to  a  candle 
made  by  the  conventional  pressed  method. 

Flame  orientation  and  flame  size  effects  are 
described.  Contrary  to  common  opinion,  it  is  shown 
that  a  small  flame  size  rather  than  a  lsrge  flame  from 
a  given  candle  diameter  is  associated  with  candles 
which  produce  light  with  high  efficiency.  The  binder  is 
show  to  be  a  major  factor  in  the  generation  of  various 
flame  sizes  and  thus  strongly  influences  the  candle 
efficiency. 
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INTRODUCTION 


This  exploratory  development  program  was  con¬ 
ducted  between  June  1966  and  June  1967  for  the  Air 
Force  Armament  Laboratory,  Eglin  Air  Force  Base, 

Florida,  under  MIPR-PG-6-53 .  The  main  objectives 
of  the  program  were  twofold.  One  goal  was  to  demon¬ 
strate  the  feasibility  of  making  an  illuminating  candle 
which  has  a  luminous  intensity  of  2 5  million  candles. 

This  is  a  five-fold  increase  over  the  intensity  de- 
15.vered  by  the  BRITEXE  candle.  The  second  goal  was  to 
conduct  a  study  of  the  relationships  between  the  diameter 
of  a  candle  and  the  efficiency  of  light  production  from, 
that  candle.  Both  goals  were  attained  during  the  con¬ 
tract  period. 

To  assist  the  reader,  the  report  Is  divided  into 
four  parts.  Part  I  deals  with  the  25  million  candle 
flare,  Part  II  with  the  diameter  studies,  Part  III  with 
binder  studies,  and  Part  IV  with  flame  orientation  and 
flame  size  effects.  Although  the  report  is  divided  for 
convenience,  it  is  noteworthy  that  all  phases  of  this 
work  are  interrelated;  that  is,  information  generated 
in  any  one  part  is  also  utilized  in  the  other  phases  in 
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an  effort  to  extract  the  maximum  amount  of  data  from  a 
minimum  amount  of  work  and  hardware  expenditure.  With 
these  remarks,  the  reader  is  encouraged  to  view  this 
work  as  an  integrated  program  instead  of  four  distinct 
tasks . 

The  report  is  bound  in  two  volumes.  The  main  body 
of  the  report  is  in  Volume  I.  The  Appendices  are  in 
Volume  II.  A  Table  of  Contents,  Abstract,  and  Intro¬ 
duction  for  the  entire  report  has  been  inserted  at  the 
beginning  of  each  volume  for  convenience. 
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APPENDIX  I 


FIARE  FABRICATION  PROCESS 

Magnesium  and  sodium  nitrate  hare  been  used  extensively  for 
making  illuminating  flare  cmrapositions.  Their  granular  size  is 
often  varied  to  cause  changes  in  the  burning  rate  of  the  composi¬ 
tion.  Also,  the  ratio  of  these  ingredients  causes  changes  in 
the  burning  rate  as  well  as  the  efficiency  (cd-sec/g).  A  third 
ingredient  is  normally  added  to  the  system.  That  ingredient, 
the  binder,  is  normally  a  plastic  in  monomeric  form  which  later 
can  be *polymerized  to  bond  the  composition  to  itself  and  to  its 
container.  In  compositions  prepared  for  casting,  the  binder 
content  normally  ranges  from  9  -  1$%  by  weight. 

Generally,  in  preparing  the  composition,  the  binder  and 
magnesium  are  preblended  in  a  mixer.  This  preblending  process 
desensitizes  the  magnesium,  reduces  the  dust  hazard,  and  in¬ 
hibits  surface  oxidation  of  the  magnesium  particles.  The  sodium 
nitrate  is  later  added  to  the  preblend.  This  mass  is  then  mixed 
until  a  homogeneous  blend  is  obtained.  When  the  binder  content 
is  about  12%,  the  composition  has  physical  properties  analogous 
to  freshly  ground  hamburger.  The  material  doesn't  flow  nor  seek 
its  own  level.  It  can  be  molded,  formed,  and  packed  -under  mild 
pressure . 

The  general  procedure  for  making  a  candle  consists  of  tamping 
the  composition  in  place  under  pressure  of  about  50  -  60  psi.  The 
star  cavity  is  formed  by  means  of  a  mold  which  is  later  removed. 
After  polymerization  of  the  binder  system,  the  composition  is 
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rigid  and  strong.  The  composition  must  also  adhere  in  some  man¬ 
ner  to  the  flare  container.  This  is  necessary  tc  prevent  pre¬ 
mature  burning  in  the  composition-case  interface.  A  good  bond 
between  these  two  surfaces  can  be  achieved  by  various  techniques. 
One  technique  is  to  bond  the  composition  dir-.ctly  to  the  case. 
Another  is  to  introduce  a  liner  between  the  case  and  the  composi¬ 
tion.  That  liner  is  bonded  to  both  the  case  and  the  composition. 
The  case  bond  must  usually  be  able  to  withstand  severe  changes  of 
temperature  such  as  -65°F  to  +l6o°F  and  be  sufficiently  strong  to 
withstand  the  normal  safety  and  durability  tests.  Accordingly, 
the  bond  system  must  be  dereloped  in  conjunction  with  the  candle 
hardware . 
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APPENDIX  II 


STAR  CONFIGURATION  COMPUTATIONS 
by  Ralph  Chipman 

The  configuration  of  an  internal  burning  cavity  was  investi¬ 
gated.  The  problem  was  to  determine  the  configuration  of  a  star 
shaped  cavity  put  in  the  center  of  a  16  inch  flare  that  would 
produce  a  constant  burning  as  the  flare  burned  internally  from 
the  center  outward.  Since  the  burning  surface  is  the  product 
of  the  length  of  the  flare  and  the  perimeter  of  the  cross  sec¬ 
tion  of  the  burning  area,  the  problem  reduces  to  obtaining  a 
configuration  that  produces  a  constant  cavity  perimeter  during 
burning.  Equations  to  compute  the  perimeter  were  developed  as¬ 
suming  the  burning  rate  perpendicular  to  the  burning  surface  was 
constant  in  all  directions.  Using  these  equations,  a  computer 
program  was  written  to  compute  perimeter  versus  linear  displace¬ 
ment  of  the  burning  surface  for  various  shaped  stars.  Since 
five  inches  of  linear  burning  was  desired,  the  diameter  of  the 
star  was  fixed  at  six  inches. 

Although  the  goal  of  constant  perimeter  was  not  achieved, 
the  best  results  came  from  a  six-pointed  star  with  the  dimensions 
shown  in  Figure  1.  Figure  2  shows  a  cross  section  of  the  theoreti¬ 
cal  burning  surface  at  various  burning  distances  for  this  con¬ 
figuration  and  a  graph  of  the  perimeter  versus  diameter  is  shown 
in  Figure  3.  As  can  be  seen  from  the  graph,  the  perimeter  is 
nearly  constant  for  the  first  two  inches  of  burning  and  then 
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approaches  a  straight  line  with  a  positive  slope.  The  slope  of 
this  line,  which  is  the  graph  one  would  obtain  if  the  star  shaped 
cavity  were  replaced  by  a  cylindrical  hole,  is  equal  to  pi. 

Other  shaped  stars  that  were  tried  include  various  shaped 
four-,  five-,  and  eight-pointed  stars  and  six-pointed  star  with 
other  combinations  of  star  point  widths  and  sizes  of  angle  between 
the  sides  of  the  points.  In  all  of  the  other  cases  of  four-,  five-, 
and  six-pointed  stars,  the  graph  of  perimeter  versus  diameter  came 
closer  to  the  line  representing  the  case  of  the  cylindrical  hole. 
For  the  eight-pointed  star,  the  perimeter  first  decreased  to  a 
minimum  and  then  increased.  The  graph  of  a  typical  case  of  a 
few  of  these  combinations  are  shown  in  Figure  h. 


Figure  4-Perimeter  Versus  Diameter  of  Cross  Section  of  Various 
Configurations. 
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Mathematical  Derivation  of  Perimeter  Equations 
The  following  is  the  derivation  of  the  equations  for  the  peri¬ 
meter  of  a  burning  star  oavity  assuming  the  burning  rate  perpen- 
dioular  to  the  burning  surface  is  constant  in  all  directions.  The 
final  equations  of  the  derivation  are  listed  on  page  151  of 
"Solid  Propellant  Rockets".  However,  there  is  an  error  in  the 
equation  for  initial  perimeter  given  there. 

Let  N  equal  the  number  of  star  points.  The  star  is  then 
completely  defined  by  the  radius,  R,  and  the  angles  A,  B,  and  C. 
See  Figure. 5.  The  value  of  G  is  found  by  the  expression 


and  B  is  determined  by  the  width  of  the  end  of  the  star  points. 

A  is  free  to  vary  over  a  range  of  values.  The  initial  perimeter, 
P0.  is  equal  to  (see  Figure  5) 

P0=2N(a+x).  (1) 

The  value  of  a  is  given  by 

a  =  R  (C-B).  (2) 

From  the  law  of  sines  we  have 


By  substituting  sin  A  =  sin  ('TF-A),  we  get 

X  _  R 
sin  B  sin  A 

and  solving  for  X  we  obtain 

R  sin  B 
sin  A 
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(5) 


bj  substituting  Eq  (2)  and  Eq  (3)  in  Eq  (l)  we  get 


2NR 


C-B+ 


sin  B 
sin  A 


(4) 


Let  ff  equal  the  linear  displacement  of  the  burning  surface  from 
its  original  position.  To  find  the  perimeter  during  burning,  two 
cases  must  be  considered.  One  case  is  the  period  that  the  straight 
sides  of  the  star  points  exist  and  the  other  is  the  period  after 
the  straight  sides  disappear.  Let  W*  be  the  value  of  W  at  the 
point  where  the  straight  sides  of  tho  star  points  first  disappear. 

W'  =  X  tan  A  =  R  -.I-5  tan  A  =  R  sin  B 
sin  A  cos  A 


Case  1 

W  <  .R.  8j-n  B,  straight  sides  of  star  points  exist, 
cos  A 

From  Figure  5  we  see  that  for  this  case  the  perimeter  is 


P  =  2N(b  +  s  +  y).  (5) 

The  value  of  b  is 

b  =  (R+W)  (C-B)  =  R(C-B)  +  W(C-B)  (6)' 

and  s  =  W  (7T/2  -  A  +  B).  (7) 

Since  y  =  X  -  Z  and  Z  =  W  cot  A 

ffe  have  by  substitution 

y  =  R  SiHJ*  _  H  0ot  A.  (8) 

sin  A 


By  substituting  Eq.  6,  7,  and  8  in  Eq.  5  and  simplifying  we  obtain 
P  =  2NR  (C-B  +§nr|)  +  2NW  (7T/2  +  C  -  A  -  cot  A) 
or  P  =  PQ  +  2NW  (7f/2  +  C  -  A  -  cot  A)  (9) 
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APPENDIX  III 


COMPUTER  PRINTOUT  OF  TEST  DATA 

This  appendix  contains  the  computer  printout  of  the  test  data 
for  MAPI  flares  300,  3li2,  3b3,  392*,  1*26,  1*2 ?,  1*63.  1*61*,  and  556. 

For  each  of  the  test  flares,  the  printout  presents  the  data 
in  both  numerical  and  graphical  forms.  In  the  numerical  printouts 
various  values  are  tabulated  against  instantaneous  time  during 
the  burning  period.  The  second  column  is  the  average  luminous 
intensity  of  the  high  29  photocells.  The  third  column  is  the 
integrated  candle- seconds  from  time  zero.  The  fourth  column  is 
the  running  mean  luminous  intensity  in  units  of  candles  taken 
from  time  zero.  The  fifth  column  is  the  running  mean  luminous 
intensity  taken  from  time  ten  seconds.  The  sixth  column  is  the 
standard  deviation  of  the  high  29  photocells  and  the  seventh 
column  is  a  uniformity  factor  which  is  defined  as  the  high  29 
average  photocell  reading  minus  the  low  29  average  photocell  read¬ 
ing  divided  by  the  average  photocell  reading  of  all  cells  where 
the  average  is  equal  to  the  high  average  plus  the  low  average 
divided  by  two.  Thus,  the  uniformity  factor  can  range  from  zero 
to  2.0  and  is  a  measure  of  the  uniformity  of  the  light  distributed 
in  a  spherical  pattern.  For  example,  when  the  light  is  perfectly 
distributed,  the  uniformity  factor  is  zero.  Thus,  the  closer 
this  number  is  to  zero  the  more  uniform  is  the  light  distribution. 

One  graph  shows  the  photocell  intensity  data  plotted  as  a 
function  of  time.  In  that  graphical  presentation  the  photocells 
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are  not  sorted.  Each  photocell  is  plotted  against  time  to  show 
the  variation  of  intensity  on  that  photocell.  These  plots  fre¬ 
quently  overlap  because  the  cell  may  be  high  at  one  instant  in 
time  whereas  it  may  be  low  at  another  instant  in  time  depending 
upon  smoke  conditions  and  other  factors.  In  contrast  to  this, 
another  graphical  presentation  is  presented  wherein  the  photocell 
data  is  sorted  and  plotted  against  time.  In  that  presentation, 
the  uppermost  plot,  for  example,  is  the  plot  of  the  highest  read¬ 
ing  vs.  time  regardless  of  which  cell  is  sensing  this  value.  The 
second  highest  plot  is  a  graph  of  the  second  highest  reading  vs. 
time  regardless  of  which  cell  is  sensing  that  value,  etc.  In 
this  presentation,  the  plots  do  not  overlap. 

Another  graph  is  presented  which  is  a  plot  of  intensity 
against  time  of  the  high  29,  the  low  29,  and  the  average  of  all 
98  cells.  Since  more  than  $6  cells  are  never  used  and  often 
times  less  than  96  cells  are  used,  the  average  of  the  low  29  is 
biased  in  the  low  direction  by  the  number  of  cells  which  are  not 
in  use.  The  cells  not  in  use  are  read  by  the  computer  as  having 
an  intensity  of  zero.  On  the  other  hand,  the  high  29  which  are 
selected  by  the  computer  are  representative  of  the  intensity  of 
the  unit  in  the  direction  which  is  the  most  free  from  smoke  and 
other  light  interferences.  The  plot  of  the  average  candlepower 
of  all  of  the  photocells  is  also  biased  in  the  low  direction  de¬ 
pending  once  again  upon  the  number  of  cells  that  are  not  in  use. 
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Another  graph  is  presented  which  shows  the  integral  candle- 
seconds  against  time.  The  linearity  of  this  plot  is  a  measure 
of  the  constancy  of  light  output. 

Another  presentation  is  a  plot  of  average  luminous  intensity 
against  time  starting  with  instantaneous  time  zero  and  time  ten 
seconds.  Graphical  presentations  are  also  included  to  show  the 
standard  deviation  of  the  luminous  intensity  of  the  high  29  and 
low  29  photocells  and  to  show  the  uniformity  factor  versus  time. 


kui  plarei  iun  so? 


INSTANTANEOUS  TIM,  AVERASE  or  NISH  It  PHOTOCELLS,  IKTESRATED  CANDLEPOWCR 
SECOND*  PROM  TIM  EERO,  RUNNIN*  MAN  CANDLEPOVER  MON  TIME  2ERO, 

RUMNIMl  MAN  CANOLEPOMCR  PEON  TIM  10,  STANDARD  DEVIATION  OP  MICH 
*t  PHOTOCELL*. UNIPORMTT  FACTOR 
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1.59 

0.03 

1.99 

0.0? 

2. CO 

0,00 

2.00 

0. 

0. 

0.01 

2.00 

0.00 

2.00 

0.01 

t  .00 

o.oi 

t  no 
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«*M  flMCs  *IW3»4 


Steoxe*  rton  nut  2c*o,  $u»(wm  if**  ciHOu'clxi^rta  ,e***,£D  “"Htfovt* 

■tUMMSNC.  HUH  C*HOtt»OUtJ»  ”«oi  ?0  T,"£ 

**  ►H0ioccLL*.uHiro*Hit"  ■  ‘“a®*™  ocviatim  or  me* 


UHC 

(sco 

D. 

2.0? 

z.ie 

5.26 

4.34 

5.45 

e.s* 
r.  ce 

*.?9 

9.90 

11.00 

22.11 
13!22 

14.55 
15.45 
18.3? 
if.tr 
18.79 

19.90 
21  .01 
22.13 

23.24 
24.35 

23.47 

26.59 
27.71 
28.  #3 

29.95 
31 .0. 
32.19 

33.32 

34.43 

33.54 

36.65 
37.  77 

38.59 
39.99 
4t.lt 
42.22 

43.33 

44.43 

43.33 

46.64 
47.  75 
48.85 

49.96 
31  .06 
52.17 

53.27 

34.39 
33.50 

56.60 
37.  71 


HUH  29 
AVt 
0.00 
7.03 
12.06 
17.59 

18.54 
26.49 
29.20 

19.76 

19.11 

19.25 
16.70 
19.19 
17.8/ 

18.83 
17.95 

18.25 

17.77 
1C. 87 
17.41 
1C. 64 

17.24 

16.66 

15.29 
14.8J 

14.74 

14.28 

13.40 
13.08 
12.3? 

10.93 
10.73 
10.08 

9.55 

6.74 

7.69 
7.32 
6.4? 
4.98 
4.  J3 
3.14 
2.22 

1.69 
X  .06 
0.63 
0.29 
0.03 

0.1  j 
0.01 
0.00 
0.05 
0.01 
0.01 
0.02 


cr-scc 

3.83 

14.24 

30.22 
49.82 

70.23 
91.19 

112.84 

234.49 

155.73 

176.71 

197.72 
218.20 
238.(9 
239.17 
279.42 
299.36 
318.63 
337.62 
356.65 
375.54 
394.40 

412.20 
429.03 
445.53 
4*1.79 

477.31 
492.17 
506.42 
319.49 
531 .67 

343.21 
554.12 

564.31 
573. <6 
532.03 
559.71 
596.09 
601.15 
603.18 
606.14 
610.29 
611.82 
612.76 

613.28 

613.45 

613.53 

613.39 

613.60 

613.62 

613.6) 

613.66 

613.66 

0. 


AYt  Cf 

o  sic 

3.51 

6.53 

9.27 

•1.47 

12.69 

23.90 

14.70 

15.30 
15.74 
16.06 
16.32 

16.31 

16.63 

16.76 
16.87 

16.94 

16.96 

16.97 

16.97 
16.9? 

16.97 
16.93 

16.64 

16.76 

26.67 
16.56 

16.43 

16.30 

16.24 

13.96 

15.78 

15.39 

15.40 
15.19 
J4.97 
J4.75 

14.30 

14.24 

13.97 

13.69 

13.40 

13.12 

12.83 

22.33 

12.26 

12.01 

11.76 
H  .52 
1 1  .28 
11 .01 

10.84 
10,63 

0. 


AV6  C2 

10  see 

c. 

0. 

0. 

0. 

o. 

0. 

0. 

o. 

0. 

0. 

26.94 
26.74 
18.61 

18.55 
16.46 

15.29 
16.23 
16.10 

17.98 
17.57 
17.79 

17.64 

17.44 
17.2? 
17.06 
16.86 
16. C5 
16.43 
26.16 
15.9* 

15.61 

25.31 
15.11 

14.53 

14.54 
J4. 25 
2  3.93 

23.60 

13.26 

12.91 

22.56 

12.21 

11.67 
12.53 
M.2i 
10.90 

20.61 

10.34 
10.07 

9.62 

9.38 

9.3« 

0. 


STO  OCV 


0.01 

2.00 

1.23 

0.14 

2.66 

0.$3 

2.69 

o.er 

2.62 

0.31 

2.92 

o.eo 

2.79 

0.3s 

2.66 

o.s  r 

2.55 

0.3$ 

2.73 

0.3  7 

2.75 

0.34 

2.76 

o.;e 

2.66 

0.16 

2.96 

0.60 

2.79 

0.59 

3.48 

0.62 

3.19 

0.3$ 

2.96 

0.39 

2.98 

0.36 

3.04 

0.33 

3.38 

0.3/ 

3.40 

0.36 

2.67 

o.s ; 

2.49 

0.52 

2.73 

0.33 

2.63 

0.34 

2  52 

0.53 

2.56 

0.16 

2.07 

0.35 

1.82 

O.Sl 

1.91 

0.51 

2.01 

0.34 

2.01 

0.3# 

1.70 

0.36 

1.34 

0.32 

1.26 

0.J6 

1.32 

0.61 

0.77 

0.33 

0.48 

0.34 

0.34 

0.36 

0.22 

0.31 

0.19 

0.34 

0.14 

0.61 

0.09 

0.50 

0.03 

0 .  #3 

0.0) 

2.00 

0.03 

1 .03 

0.02 

2.00 

0.00 

2.00 

0,05 

1 .93 

0.02 

2.00 

0.02 

2.00 

0.02 

2.00 
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«k*  l  rLARES  RUN  4*i 


INSTANTANEOUS  TIKE,  AVERAGE  OT  HUH  29  PHOTOCELLS.  INTEGRATED  CANOlEPOWER 
SECONDS  rAON  TIKE  ZERO,  RUNNING  MEAN  CANDLEPOWER  PROS  TIME  2EPO, 

•  UNNTKfc  KEAN  CANDlEPCrfC*  PRO*  :iwE  !0.  STANDARD  DEVIATION  CP  NIGH 
29  PHOTOCELLS. UN TcORH I TT  TAC TOR 


TIKE 

(SEC) 

h  tGH  29 
AVG 

cp-sec 

AVG  CP 

0  SEC 

AVG  CP 
tO  SEC 

STD  CEv 

U 

0. 

0.00 

3.76 

3.61 

0. 

O.OG 

2.00 

1  .04 

7.22 

17.31 

A.  20 

0. 

3.95 

1.96 

2.09 

18.79 

38.71 

12.37 

0. 

2.82 

li.53 

3.13 

22.23 

64.04 

15.34 

0. 

4.5® 

0.57 

4.1/ 

26.16 

92.62 

17.74 

0. 

5.50 

0.53 

3.22 

28.55 

122.28 

19.52 

c. 

6.37 

0.59 

f  .25 

26.23 

151.99 

20.79 

0. 

6.12 

J.  63 

Ml 

26.54 

162.48 

21.86 

0. 

4.99 

9.53 

5.35 

}0.17 

213.70 

22.76 

0. 

5.98 

0  55 

9.39 

29.93 

244.36 

23.44 

0. 

5.92 

0.55 

,10.43 

29.11 

275.44 

24.02 

29.81 

5.10 

o.:2 

11-4  » 

3C.51 

307.05 

24.57 

30.27 

4.00 

0.45 

12.30 

30.96 

337.77 

25.00 

30.30 

3.95 

0.46 

is.;: 

29  73 

367.89 

25.32 

30.  i: 

4.23 

0.40 

14.53 

29.37 

398.48 

25.62 

30.07 

4.09 

0.40 

15.55 

30.46 

430.17 

25.94 

30.10 

4.64 

0.46 

15.58 

39.97 

461.53 

26.  ?C 

30.21 

4.03 

C.47 

17.62 

29.94 

>91.59 

26.37 

3G.C9 

3.0‘i 

0.46 

18.64 

28.62 

521.75 

26.52 

3n.01 

3.25 

0.43 

19.6/ 

30.10 

551.76 

26.66 

29.94 

2.77 

0.4  2 

20.70 

26.49 

590.76 

26.74 

29.78 

3.47 

0.41 

21.72 

27.96 

608.95 

26.76 

29.57 

3.54 

0.44 

22.76 

26.54 

636.55 

2L./6 

29.35 

3.03 

0.3* 

23.79 

26.36 

664.66 

26.77 

29.19 

3.C4 

0.38 

24.8? 

27.50 

692.53 

26.76 

29.04 

3.31 

0.44 

25.  f  6 

26.39 

719.58 

26.76 

20.86 

2.40 

0.36 

26.89 

25.91 

746.17 

26.72 

28.6  A 

2.90 

C.4p 

27.92 

25.79 

772.20 

26.68 

20.51 

2.56 

0.36 

28.94 

25.22 

797.34 

26.61 

28.33 

2.46 

0.38 

29.9/ 

23.95 

821 . 14 

26.50 

<?0.G5 

:  .44 

0.33 

30.99 

22.72 

844.08 

c6  •  '  7 

?r  78 

1.70 

G.34 

32.01 

21.89 

865.37 

26.19 

27.46 

1 .77 

0.38 

33.05 

19.35 

983.40 

25.92 

27.0? 

1.36 

0.30 

34.08 

15.61 

897.  JO 

25.55 

26.45 

1  .67 

0.3  7 

35.11 

10.97 

905.75 

25.06 

25 . 73 

1  .46 

0.4  2 

36.14 

5.87 

910.31 

24 .50 

24.91 

0.55 

0.45 

37.16 

3.04 

912.75 

23.91 

?4.O0 

0.32 

0.4  7 

36.18 

1.74 

914.08 

27.32 

23.28 

0.16 

0.49 

39.19 

0.88 

914.67 

22.75 

22.51 

9.09 

C.57 

40.21 

0.26 

914.06 

22.19 

21 . 77 

0.04 

0.73 

41 .23 

0.10 

0. 

0. 

0. 

0.04 

1.27 
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nam  flares 


RUN  4*/ 


TNSTANTANEOUS  I!*C,  AVERAGE  OP  HICK  *»  PHOTOCELLS ■  INTEGRATED  CANDLEPOVER 
SECONDS  PRON  TIKE  EEROi  RUNNING  KEAN  CANDLEPCWER  EROH  TIME  EERO. 

RUNNING  MEAN  CANCLEPOWCR  TROH  TINE  TO,  STANDARD  DEVIATION  OP  HIGH 
89  PHOTOCELLS. UNIPORNI TT  PACTOR 


M*C 

HUH  29 

CP'SfC 

AYG  CP 

AVG  CP 

STD  CEV 

U 

ISEC) 

AYG 

C  SEC 

10  SEC 

0. 

0.00 

0.02 

0.02 

0. 

9. Cl 

2.00 

1  .OF 

0.C3 

4.73 

2.22 

0. 

0.03 

2.00 

t.13 

8.83 

16.90 

5.20 

0. 

4.41 

2.00 

>.20 

14.03 

33.04 

7.75 

9. 

1.96 

0.52 

4.2* 

16.24 

32.62 

9.69 

0. 

2.16 

0.45 

5. >3 

16.69 

72.74 

11.37 

pi 

3.20 

0.56 

0.40 

20.73 

94.66 

12.72 

0. 

4.17 

0.57 

7.45 

21.10 

1  i6. c5 

13.  T3 

0. 

4.93 

0.60 

5.31 

20.37 

139.53 

14.59 

0. 

4.46 

9.61 

0.37 

22.33 

162.81 

15.32 

0. 

3.81 

9.59 

10.03 

21.36 

183.97 

15.92 

21.92 

4.24 

0.56 

11.63 

02.46 

209.13 

16.41 

21.91 

4.83 

G.60 

12.74 

21.22 

231.94 

16. 8i 

21.79 

3. 40 

0.54 

13.60 

21.79 

234.56 

17.1J 

21.69 

2.77 

0.53 

14.36 

20.96 

276.95 

17  .40 

21.56 

2.46 

0.52 

13.92 

21.19 

299.30 

17.63 

21.50 

2.87 

0.49 

16.9/ 

22.19 

321  .60 

17.85 

21  .47 

2.28 

C.40 

18.02 

21.37 

344.08 

18.05 

21.49 

2.41 

0.40 

19.06 

21.79 

366.33 

18.22 

21  .47 

3.10 

0.52 

20.11 

20.90 

308.48 

18.37 

21.44 

2.45 

3.47 

21.13 

21.45 

410.96 

18.51 

21.44 

2.46 

0.45 

22.20 

21.37 

432.98 

18.62 

21.40 

2.38 

0.45 

23.23 

20.53 

454.10 

18.88 

21.30 

2.28 

9.43 

24.30 

19. 6C 

474.95 

18.73 

22.20 

2.63 

9.43 

23.33 

20.22 

496-03 

18.79 

21.12 

2.02 

0.43 

26.40 

19.98 

5X6.68 

18.82 

21.03 

2.11 

0.44 

27.45 

19.28 

537.15 

18.85 

20.94 

1.59 

0.40 

23.50 

19.67 

557.23 

18.85 

20.84 

1.80 

9.36 

29.53 

18.35 

577.28 

18. 8C 

20.75 

2.03 

C.43 

30.60 

19.61 

597.77 

18.88 

20.68 

2.30 

0.44 

31  .66 

19.40 

618.18 

18.90 

20.62 

2.13 

0.38 

32.71 

19.38 

638.60 

12.91 

2J.56 

2.14 

0.45 

33.76 

19.35 

658.24 

18.91 

20.48 

3.30 

0.47 

34.62 

17.09 

677.09 

10.88 

20.37 

1.92 

0.42 

35.37 

17.96 

696.06 

18. «5 

20.28 

2.17 

9.43 

36.92 

17. 9G 

715.17 

10.03 

20.20 

2.29 

0.42 

37.98 

18.40 

73 J.9< 

18.81 

20.11 

2.39 

3.4? 

59.03 

17.39 

751 . 74 

18.76 

20.00 

1.79 

0.39 

40.06 

16.36 

769.31 

18.70 

19.88 

1  .24 

0.37 

42.13 

16.93 

786.71 

18.65 

19.77 

2.25 

0.41 

42.19 

16.11 

803.40 

18.58 

19.64 

2.13 

0.49 

4  3.24 

15.49 

819.32 

18.50 

19.50 

1  .64 

0.41 

44  30 

14.68 

834.74 

18.40 

19.35 

1.40 

0.37 

4.  i 

14.54 

849.57 

10.31 

19.19 

1.75 

0.41 

46 

13.65 

863.44 

18.19 

19.02 

1.89 

0.41 

4  7.46 

12.6? 

675.36 

18.04 

10.80 

2.35 

0.4$ 

48.32 

9.93 

804.83 

17.85 

10.54 

1.73 

0.50 

49.36 

7.97 

892.23 

17.62 

16.23 

0.83 

0.50 

50.63 

6.04 

897.81 

17.37 

17.90 

0.77 

0.54 

31  .69 

4.51 

901.75 

17.09 

17.54 

0.66 

0.53 

32.73 

2.93 

904.37 

16.81 

17.17 

0.34 

0.44 

33.61 

2.03 

905.98 

16.51 

16.80 

0.24 

0.53 

34,86 

1  .00 

906.74 

16.21 

16.42 

9.15 

0.39 

53.93 

0.43 

907.05 

15.92 

16.05 

0.09 

0.59 

36.99 

0.13 

907.15 

15.63 

15.70 

0.05 

1  .09 

38.04 

0.04 

907.18 

15.35 

15.36 

0.03 

2.90 

39.10 

0.00 

907.22 

15.09 

15.04 

0.90 

2.00 

60.14 

0.08 

907.30 

14.83 

14.73 

0.93 

1  .97 

61.19 

0.07 

907.37 

14.58 

14.43 

0.03 

1  .97 

62.23 

0.07 

907.44 

14.34 

14.14 

C.C3 

2.09 

63.29 

0 .05 

C. 

0. 

0. 

0.03 

2.U0 
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-**1  S'JH  ««J 


trz^vjs&z  a&r io-  --- 


n**c 

^ICrt  2? 

cp- see 

fSSC* 

AVC 

.<4 

.90 

6.70 

2.11 

11.61 

22.50 

?.23 

15.59 

43.69 

4.54 

22.30 

64. ?4 

5.51 

22.98 

95.33 

(.«< 

23.11 

121.11 

7.7? 

?2.97 

14*. ->6 

6.87 

24.18 

174.35 

>.97 

24.70 

r*«.s* 

SI. 07 

21.16 

228 . 1 8 

17.18 

24.91 

?3*. 59 

13.27 

24*48 

283.0; 

M.37 

25.27 

311.34 

1J.46 

25.89 

340.9? 

16.57 

27.  34 

370. 7> 

17.97 

26.69 

4!/\  88 

18.77 

28.14 

451.91 

19. *8 

27.53 

462.62 

21.33 

27.15 

493.8C* 

22.11 

27.85 

524.95 

?J.?* 

28.12 

555.92 

24  33 

?v.92 

587.89 

25.44 

23.72 

620.64 

78.55 

28.87 

65?. C< 

27.65 

28.16 

683.68 

28 . 76 

29.17 

>16.48 

29.87 

29.16 

749.97 

31. 98 

?9.67 

>82.1? 

32.3* 

30.79 

815.3$ 

3  5 .  !  7 

3n.i c? 

849.68 

3i.?< 

35.5.5 

41  '2.79 

>5.55 

50.14 

916.02 

36.46 

?9.C4 

949.  V 

37.56 

942.57 

34.67 

24.00 

10*4.44 

*9 . 78 

2f  .24 

1045.8? 

«C.9C 

?e.:5 

1076.76 

4?..)? 

27.18 

1 !0* . 91 

43. 1J 

25.09 

1132.40 

44. Ct 

22.7? 

1155.34 

4  5.35 

16.  7J 

1173.7* 

40.4? 

14.85 

1166. 0; 

47-55 

19.96 

1198.06 

4f.«4 

7.40 

1294.86 

44.73 

4.76 

1209.76 

5  0.82 

2.74 

1211 .12 

»l  .91 

1.57 

1212.39 

5  J  .01 

.76 

1212.99 

54.10 

.34 

1213.24 

15.16 

.12 

1213.35 

56.26 

.08 

1213.40 

57.35 

.02 

.00 

A  VC  ce 
3  5rc 
5.*G 
5.61 
2?. 64 

25.  ?8 
26. 1*5 
!7.« 
!?.« 
29.  57 

29. 5? 

20.38 
29.76 
Cl  .24 
?:.5J 

21.38 
22-21 
2?.  U 

32.-5 

23.12 
23.37 
?3.*a 
23.5! 
?4.94 
24.  *7 

24.44 
24.  G2 
24.80 

24.  c  7 

?'.!5 

25.  '3 

25.51 
25. C* 
;>*.*! 

25. ** 

26  07 
26  .*4 

26.  ?0 
?6.?4 
26.24 
26.16 
25.0*: 
25.  *2 

25.51 
?5.24 
24.7; 

2<.25 
25. 78 
23.  J9 
22.84 
22.  59 
21.95 

21.52 

.00 


4VC  CP 

io  sec 

.09 

.00 

.00 

.00 

.00 

.00 

-03 

.03 

.30 

.30 

24.69 

25.03 

Z\. 

25.63 

2-.16 

26.2ti 

26.44 
26.60 
26.75 
26.27 
26.97 
27.13 
27.33 
27.3c* 
27.48 
27  ro 

27.  7^ 
27.84 
?r.»« 
28.1*2 
^•*.24 
28..V 
26.4: 
26.4/ 
28.4k 
2*. 4  7 

24.44 
28.55 
26.20 
?>.95 
27.5? 

27.13 
26.60 
26.00 

25.38 
24. 74 
24.  JO 
23. 4« 
22.91 
22.35 
21.81 
.00 


.05 

-.00 

2.06 

.69 

2.1  3 

.79 

2.6* 

.65 

3.29 

.88 

5.52 

.71 

3.82 

.67 

4.27 

.71 

3.85 

.  r< 

4.?? 
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55%  granulation  18  magnesium,  40%  30-micron  sodium  nitrate,  and  5%  Laminae  4116  binder. 


DIAMETER  STUDY:  PRESSED  CANDLES  (by  Formula)  22  Septomber  1967 
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70*  granulation  18  magnesium,  25%  30-micron  sodium  nitrate,  and  5 %  Laminae  4116  binder. 


DIAMETER  STUDY:  PRESSED  CANDLES  (by  Diameter)  22  September  1967 
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DIAMETER  STUDY:  PRESSED  CANDLES  (by  Diametor)  22  Soptorabor  1967 
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DIAMETER  STUDY 
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APPENDIX  V 
DIAMETER  STUDY 

Sunrmry  Sheets  for  Cast  Candles 
from  4.25  inch  diameter  thru  24  inch  diameter 
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Silicone  formula:  Sylgard  18 2  mix  plus  ouring  agent. 
Epoxy- Polyglycol  formula:  62?.  QX  3812  and  38?  DER  732. 
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APPENDIX  VI 


DIAMETER  STUDY  GRAPHS 

Figure  17:  Luminous  efficiency  vs  candle  diameter.  Shows  behavior 
for  end  burning  solid  cylindrical  pressed  candles  with  paper  candle 
case  all  burned  in  vertical  position  on  MAPI  site  with  flame  pointed 
downward. 

Figure  18:  Luminous  efficiency  vs  candle  diameter.  Shows  behavior 
for  end  burning  solid  cylindrical  cast  candles  with  paper  candle 
case  all  burned  in  vertical  position  on  MAPI  site  with  flame  pointed 
downward. 

Figure  19:  Luminous  efficiency  vs  candle  diameter.  Shews  degradation 
of  efficiency  for  silicone  cast  candles  as  diameter  increases. 

Numbers  on  data  points  are  the  candle  MAPI  test  numbers. 

Figure  20:  Luminous  efficiency  vs  candle  diameter.  Shews  degradation 
of  efficiency  for  polysulfide  cast  candles  as  diameter  increases. 
Numbers  on  data  points  are  the  candle  MAPI  test  numbers. 

Figure  21:  Luminous  efficiency  vs  candle  diameter.  Shews  degradation 
of  efficiency  for  polyester  cast  candles  as  diameter  increases. 

Numbers  on  data  points  are  the  candle  MAPI  test  numbers. 

Figure  22:  Luminous  efficiency  vs  candle  diameter.  Shows  degradation 
of  efficiency  for  epoxy  cast  candles  as  diameter  increases.  Numbers 
on  data  points  are  the  candle  MAPI  test  numbers 
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CANDLE  DIAMETER  (inohes) 

Figura  17:  Luminous  effioienoy  vs  oandle  diameter.  Shows  bohavior  for  end  burning 
solid  oylindrioal  pressed  oandles  with  paper  oandle  oase  all  burned  in  vertioal 
position  on  MAPI  site  with  flame  pointed  downward. 
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CANDLE  DIAMETER  (inches) 

Figure  18:  Luminous  efficiency  vs  candle  diameter.  Shows 
behavior  for  end  burning  solid  cylindrical  oast  candles  with 
paper  oandle  oase  all  burned  in  vertical  position  on  MAPI 
site  with  flame  pointed  downward. 
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Figure  22:  Luminous  efficiency  vs  candle  diameter.  Shows 
degradation  of  effioienoy  for  epoxy  oast  candles  as  diameter 
increases.  Numbers  on  data  points  are  the  oandle  MAPI  test 
numbers. 
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APPENDIX  VII 

EFFECTIVE  BRIGHTNESS  CURVES 
(for  pressed  candles) 

Figure  23:  Effective  Brightness  Curves.  Projected  surface  area 
of  the  flame  vs  luminous  intensity  for  candles  pressed  with  5% 
polyester  binder  and  55%  nagResium.  Q  group  tested  in  January  67; 

L  group  in  March  67.  Numbers  on  data  points  are  the  candle  MAPI 
test  numbers. 

Figure  24:  Effective  Brightness  Curves.  Projected  surface  area 
of  the  flame  vs  luminous  intensity  for  candles  pressed  with  5% 
polyester  binder  and  62%  magnesium.  P  group  tested,  in  January; 

M  group  in  March  67.  Numbers  on  data  points  are  the  candle  MAPI 
test  numbers. 

Figure  25:  Effective  Brightness  Curves.  Projected  surface  area 
of  the  flame  vs  luminous  intensity  for  candles  pressed  with  5%  polyester 
binder  and  70%  magnesium,  R  group  tested  in  January  67;  N  group  in 
March  67.  Numbers  on  data  points  are  the  candle  MAPI  test  numbers. 

Figure  26:  Effective  Brightness  Curves.  Projected  surface  area 
of  the  flame  vs  luminous  intensity  for  candles  pressed  with  silicone 
binders.  Numbers  on  data  points  are  the  candle  MAPI  test  numbers. 

Figure  27;  Effective  Brightness  Curves.  Projected  surface  area 
of  the  flame  vs  luminous  intensity  for  candles  pressed  with  epoxy 
binder.  Numbers  on  data  points  are  the  candle  MAPI  test  numbers. 

Figure  28:  Effective  Brightness  Curves.  Projected  surface  area  of 
the  flame  vs  luminous  intensity  for  hybrid  candles  pressed  with 
medium  pressure  with  epoxy  binder.  Numbers' on  data  points  are  the 
candle  MAPI  test  numbers. 
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LUMINOUS  INTENSITY  (xl06od) 

Figure  23:  Effective  Brightness  Curves.  Projected  surface 
area  of  the  flame  vs  luminous  intensity  for  oandles  pressed 
with  5f0  polyester  binder  and  55^  magnesium.  Q  group  tested 
in  January  67;  L  group  in  March  67.  Numbers  on  data  points 
are  the  oandle  MAPI  test  numbers. 
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LUMINOUS  INTENSITY  (xl06od) 

Figure  24:  Effective  Brightness  Curves.  Projected  surface 
area  of  the  flame  vs  luminous  intensity  for  candles  pressed 
with  5%  polyester  binder  and  62f,  magnesium.  P  group  tested 
in  January;  M  group  in  Maroh  67.  Numbers  on  data  points  are 
the  candle  MAPI  test  numbers. 
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LUMINOUS  INTENSITY  (xl06od) 

Figure  25:  Effective  Brightness  Curves.  Projected  surface  area  of  the 
flame  vs  luminous  intensity .for  candles  pressed  with  5$  polyester  bin¬ 
der  and  70$  magnesium.  Fi  group  tested  in  January  67;  N  group  in  March 
67.  Numbers  on  data  points  are  the  candle  MAPI  test  numbers. 


LUMINOUS  INTENSITY  (xl06od) 

Figure  26:  Effeotive  Brightness  Curves.  Projected 
surface  area  of  the  flame  vs  luminous  intensity  for 
candles  pressed  with  silicone  binders.  Numbers  on 
data  points  are  the  candle  MAPI  test  numbers. 
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Figure  27:  Effective  Brightness  Curves.  Projected  surface 
area  of  the  flame  vs  luminous  intensity  for  candles  pressed 
with  epoxy  binder.  Numbers  on  data  points  are  the  candle 
MAPI  test  numbers. 
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LUMINOUS  INTENSITY  (xl06od) 

Figure  28:  Effective  Brightness  Curves.  Projected 
surface  area  of  the  flame  vs  luminous  intensity  for 
hybrid  candles  pressed  with  medium  pressure  with 
epoxy  binder.  Numbers  on  data  points  are  the  can¬ 
dle  MAPI  test  numbers. 


APPENDIX  VIII 


EFFECTIVE  BRIGHTNESS  CURVES 
(for  cast  candles) 

Figure  29:  Effective  Brightness  Curves.  Projected  surface  area 
of  the  flame  vs  luminous  intensity  for  candles  cast  with  silicone 
binder.  Numbers  on  data  points  are  the  candle  MAPI  test  numbers. 

Figure  30:  Effective  Brightness  Curves.  Projected  surface  area 
of  the  flame  vs  luminous  intensity  for  candles  cast  with  epoxy  binder. 
Numbers  on  data  points  are  the  candle  MAPI  test  numbers. 

Figure  31:  Effective  Brightness  Curves.  Projected  surface  area 
of  the  flame  vs  luminous  intensity  for  candles  cast  with  polyester 
binder.  Numbers  on  data  points  are  the  candle  MARi  test  numbers. 

Figure  32:  Effective  Brightness  Curves.  Projected  surface  area 
of  the  flame  vs  luminous  intensity  for  candles  cast  with  polysulfide 
binder.  Numbers  on  data  points  are  the  candle  MAPI  test  numbers. 

Figure  33:  Effective  Brightness  Curves.  Projected  surface  area 
of  the  flame  vs  luminous  intensity  for  candles  cast  in  an  aluminum 
candle  case  with  a  polyester-epoxy  binder.  Numbers  on  data  points 
are  the  candle  MAPI  test  numbers. 
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Figure  30:  Effective  Brightness  Curves.  Projected 
surfaoe  area  of  the  flame  vs  luminous  intensity  for 
oandles  oast  with  epoxy  binder.  Numbers  on  data 
points  are  the  candle  MAPI  test  numbers. 
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surface  area  of  the  flame  vs  luminous  intensity  for  >  ; 
oandles  oast  with  polyester  binder.  Numbers  on  data  f 
points  are  the  oandle  MAPI  test  numbers.  \ 
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LUMINOUS  INTENSITY  (xl06od) 

Figure  32:  Effective  Brightness  Curves.  Projected 
surface  area  of  the  flame  vs  luminous  intensity  for 
candles  cast  vith  polysulfide  binder.  Numbers  on 
data  points  are  the  candle  MAPI  test  numbers. 
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LUMINOUS  INTENSITY  (xl06od) 

Figure  33:  Effeotive  Brightness  Curves.  Projected  surface 
area  of  the  flame  vs  luminous  intensity  for  oandles  cast  in 
an  aluminum  oandle  case  with  a  polyester-opoxy  binder. 
Numbers  on  data  points  are  the  oandle  W>,PI  test  numbers. 
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APPENDIX  IX 


Polar  Plots  of  Light  Distribution 
for  Candles  426  and  394 

Figure  15:  Luminous  intensity  (xl06cd)  by  photocell  at  about  the 
12th  second  into  the  bum  of  double  star  cavity  candle  MAPI  426. 

g 

Figure  34:  Luminous  intensity  (xlO  cd)  by  photocell  at  about  the 
20th  second  into  the  bum  of  double  star  cavity'  candle  MAPI  426. 

g 

Figure  35:  Luminous  intensity  (xlO  cd)  by  photocell  at  about  the 
10th  second  into  the  bum  of  double  star  cavity  candle  MAPI  394. 

6 

Figure  36:  Luminous  intensity  (xlO  cd)  by  photocell  at  about  20th 
second  into  the  bum  of  double  star  cavity  candle  MAPI  394. 

6 

Figure  37:  Luminous  intensity  (xlO  cd)  by  photocell  at  about  30th 
second  into  the  bum  of  double  star  cavity  candle  MAPI  394. 
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Figure  34:  Luminous  intensity  (xlO°o<i)  by  photocell  at  about  tne 
20th  seoond  into  the  burn  of  double  star  cavity  candle  VAFI  426. 
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Figure  35:  Luminous  intensity  (xlO^od)  by  photocell  at  about  the 
10th  second  into  the  burn  of  double  star  cavity  candle  MAPI  394. 
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Figure  36:  Luminous  intensity  (xlO^od)  by 


photoo ell 'at  “about  20th 
oandle  MAPI  394. 
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GROUND  VIEW 

Figure  37:  Luminous  intensity  (xlO^od)  by  photocell  at  about  30th 
second  into  the  burn  of  double  star  oavity  candle  MAPI  394. 
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